Abstract: This study assessed the public's health risk awareness of urban air pollution triggered by three megacities in China, and the data are the responses from a sample size of 3868 megacity inhabitants from Shanghai, Nanchang and Wuhan. Descriptive analyses were used to summarize the respondents' demographics, perceived health risks from air pollution and sources of health-related knowledge on urban air pollution. Chi-square tests were used to examine if participants' demographics were associated with participant's general attitudes towards current air quality and the three perceived highest health risks due to urban air pollution. We found low rate of satisfaction of current urban air quality as well as poor knowledge of air pollution related indicator. Participants' gender, age and travel experience were found to be associated with the satisfaction of current air quality. The knowledge of air pollution related indicator was significantly affected by respondents' education, monthly income, health status, and sites of study. As many as 46.23% of the participants expressed their feelings of anxiety when exposed to polluted air, especially females, older adults and those with poor health conditions. Most participants believed that coughs/colds, eye problems and skin allergies were the three highest health risks due to urban air pollution based on public education through television/radio, internet and newspaper/magazine. Further public health education is needed to improve public awareness of air pollution and its effects.
Introduction
Globally air quality has deteriorated seriously in the past few decades with economic development and modern industrialization [1] [2] [3] . Air pollution and its adverse effects on human health have drawn more global attention since the smog incident in Donora, Pennsylvania in 1948 [4] and the killer London smog event of 1952 [5] . Up to now, air pollution is estimated to cause 3.7 million premature deaths per year worldwide [6] . It has become the leading global risk for public health, and most megacities in developing countries are experiencing the worst air pollution [7] . Urban dwellers in developing countries are at higher risk of cardiovascular diseases, respiratory diseases and other illnesses [8] [9] [10] .
Due to the pressures of social and economic development, many megacities in developing countries are facing more complicated and serious environmental problems and challenges. Air pollution in urban areas is a complex mixture of particles and gas-phase pollutants arising from a myriad of sources. Most megacities in low-and middle-income level countries experience extremely high levels of both visible (particulate matter) and invisible (gases) forms of air pollution [11] [12] [13] , and their dwellers are at the highest risk [14] .
There are more than 700 million urban populations in China. The recent migrations and relocation from rural areas to urban have directly resulted in more than 15 megacities with a population of more than 10 million [15] . According to China Environmental Bulletin, only 16 out of the 161 nationally selected cities have met the New Air Quality Standard for Testing launched in 2014 in China, yielding a 9.9% compliance rate [16] . The Organization for Economic Cooperation and Development (OECD) estimated that urban air pollution contributed to about 350,000 to 500,000 deaths per year in China's major cities [17] . Large scale urbanization in China with unprecedented urban expansion and infrastructure development has led to the release of large amount of harmful pollutants to the atmosphere, seriously threatening people's health [18, 19] .
Studies on public environmental health related risk perception originated in developed countries between the 1960s and 1970s, and most recent studies in this area were mainly conducted in Western countries [20, 21] . In China, risk management on atmospheric pollution has been one of main important topics for the government [22] , as urban air pollution has become a major health hazard to its people. Successful management of environmental risks, especially the urban air pollution risk, can hardly be achieved without the public's understandings and cooperation [23] . Public perception of air pollution related health risks could also affect their personal environmental habits and behavior, and influence their judgments toward relevant risk management policy in a direct or indirect manner [24, 25] . We are interested in evaluating the awareness of urban air pollution-health risk, and this study was designed to identify the main factors associated with the public's health risk awareness toward urban air pollution, and to explore more effective way for urban air pollution control by bridging the gap between scientific research and public health risk awareness on urban air pollution.
To understand the megacity inhabitants' health risk awareness of urban air pollution and its potential effect on public health, this study is aimed at assessing the first steps of developing a model of the social dilemma of unsafe air quality in Chinese megacities. In this paper, we evaluated the public's awareness of health risk of urban air pollution using data from the three megacities along middle and lower reaches of the Yangtze River: Shanghai, Nanchang and Wuhan. The findings will not only have a huge impact on residents' health-related behavior, but also provide the necessary scientific basis for government in their risk management of urban air pollution and better urban governance in the future [26] [27] [28] .
Methods

Study Design and Data Collection
The Central Government of China launched the program called Yangtze River Economic Belt in 2014, which has accelerated development of middle and lower reaches of the Yangtze River Urban Agglomerations and it is being carried out in full swing. Hence, the three megacities in this area: Shanghai, Nanchang and Wuhan were chosen for this study as the most representative fast growing megacities in China. According to the previous related studies conducted in China [29] , this study aimed at investigating the residents' health risk awareness on urban air pollution in China's megacities. The target populations were adults aged 18 years and above and have lived in the three megacities for at least one year. The qualified individuals were briefly introduced about this study and asked if they were willing to participate. Utilizing a face-to-face interview style, data was collected in parks, pedestrian streets, and shopping centers where the population density is high in each study site. The study was conducted by trained public health graduates from Fudan University, Wuhan University and Nanchang University during the spring and summer time of 2015. Each survey took five to eight minutes to complete.
Questionnaire
The questionnaire used in this study was designed by public health experts from University of Hawaii at Mānoa [29] . The questionnaire focused on public's health risk awareness on urban air pollution in Chinese megacities. Respondents were asked to provide their home address at the beginning of the questionnaire in order to avoid repeated participation. Four subject areas of the survey questions were included: (1) social demographic characteristics including participants' gender, age, educational level, monthly income, self-reported health status and travel experience; (2) attitudes towards current air quality in Chinese megacities, including participants' satisfaction of current air quality, knowledge of air pollution related indicator (API) and anxious feelings when exposed to contaminated air; (3) participants' beliefs about the high health risks due to urban air pollution, including coughs/colds, eye problems, difficulty breathing, asthma, etc.; (4) where the respondents get health-related knowledge on urban air pollution, including doctor/physician, friend or family member, television or radio and internet sites, etc.
Quality Control
The questionnaire was designed based on the local circumstances and the specific objectives of this study by public health professors of Fudan University, Wuhan University and Nanchang University. Qualified and trained graduate students from these three universities conducted the survey and collected the data. Pretest surveys among members of the target group were conducted to ensure face validity and comprehension of the survey, and the questionnaires were verified on site for quality control. Completed questionnaires were organized and numbered. Unqualified questionnaires, such as one questionnaire with all identical answers or with extensive missing answers, were excluded from the analysis. EpiData3.1 (Odense, Denmark) was used to set up the database, and logical verification of the questionnaires was done to ensure the accuracy of the data. Data were entered twice separately by two students into two different files and was cross-checked. Discordant information was verified by comparing to the original questionnaire.
Statistical Analysis
Using EpiData3.1, questionnaires were imported into the computer, Excel 2010 (Microsoft Ltd., Washington, DC, USA) was applied to manage data and the Statistical Package for the Social Sciences (SPSS) (SPSS Inc., Chicago, IL, USA) version 18.0 was used for data analysis. Two sided p-values of less than 5% were considered to be statistically significant. Descriptive statistics frequencies and proportions were used to summarize the general demographic characteristics, respondents' perceived health risks of air pollution and sources of health-related knowledge on urban air pollution. Chi-square tests of independence were used to examine if participants' gender, age, educational level, monthly income, self-reported health status and travel experience were associated with participant's general attitudes towards current air quality in Chinese megacities and the three perceived highest health risks due to urban air pollution. We also reported the adjusted odds ratios (OR) and 95% confidence interval (CI) obtained from multivariable logistic regression models to identify the main factors that were most predictive of the respondents' general attitudes towards current air quality. Pearson's correlation coefficient was adopted to examine the strength and direction of the relationship between respondents' general satisfaction, anxious feeling and knowledge of API toward current air quality.
Ethical Considerations
The study protocol was reviewed and approved by the Research Ethics Board of University of Hawaii at Mānoa, and local institution protocols followed (CHS#21267). To protect the respondents' confidentiality, interviews were conducted anonymously with written informed consent. Informed consent information was attached on top of each questionnaire and introduced before the surveys. Table 1 summarizes the general characteristics of the participants. A total of 3868 respondents participated in this study, including 1375 respondents from Shanghai, 1207 from Wuhan and 1286 from Nanchang; among which 1997 were male (51.63%) and 1871 female (48.37%). These respondents were classified into four age groups including <25, 25-45, 45-65 and >65, accounting for 23.40%, 33.40%, 29.96% and 13.24% of the total sample respectively. Over 90% of respondents had at least a junior high school education and 42.71% of the participants had monthly incomes ranging from 3000 to 4999 Yuan (RMB). Most of the participants had previous travel experience. Results of Chi-square tests showed that the three study sites varied in education level, monthly income and travel experience. Table 1 . Demographic information of the participants in three study sites (n = 3868).
Results
Sample Characteristics
Demographic Factors
Shanghai Wuhan Nanchang Total 
Respondents' General Satisfaction of Current Air Quality
The respondents' general satisfaction of current air quality is summarized in Table 2 . More than half of the participants (56.69%) were not satisfied with current air quality. Chi-square test showed that participants' gender, age and travel experience were associated with general satisfaction of current air quality. Multivariable logistic regression analysis (Table 3) indicated that female, older adults and those who had travel experiences were not satisfied with the current air quality. * Linear trend chi-square significant at 5% level (χ 2 = 10.065, p = 0.002). Table 4 reported the relationship between demographic factors and respondents' anxious feelings when exposed to contaminated air. About 46% of the participants expressed their anxious feelings when exposed to polluted air. Chi-square test illustrated that respondents' negative feelings when exposed to polluted air is significantly affected by gender (χ 2 = 5.739, p = 0.017), age (χ 2 = 14.734, p = 0.002) and health status (χ 2 = 61.438, p < 0.001). Moreover, Multivariable logistic regression analysis (Table 3) revealed that age 45-65 and above more likely to have anxious feelings compared to age <25 group (age 45-65, OR = 1.48, 95% CI: 1.12-3.25; age >65, OR = 2.09, 95% CI: 2.18-4.22). 
Respondents' Anxious Feelings When Exposed to Contaminated Air
Respondents' Knowledge of Air Pollution Related Indicator (API)
Respondents' knowledge of the API is summarized in Table 5 . The results show that more than half of the respondents (57.50%) didn't know what the API is. As shown in Table 4 , the knowledge of API was significantly affected by respondents' educational level (χ 2 = 10.174, p = 0.006), monthly income (χ 2 = 60.627, p < 0.001), health status (χ 2 = 6.060, p = 0.014) and different study sites (χ 2 = 8.610, p = 0.013). The results from Multivariable logistic regression analysis (Table 3 ) indicated that those with higher educational level, higher monthly income and poor self-rated health status population were more likely to pay attention to the API. Moreover, respondents from Shanghai had higher knowledge of API. The results of Chi-square tests were summarized in Tables 2 and 3 , which identified that the respondents' general satisfaction of current air quality, anxious feelings when exposed to contaminated air and knowledge of API was significantly related to one another. To better understand how those responses are correlated with one another, Pearson's correlation coefficient, ϕ was calculated to evaluate the association between respondents' general satisfaction, anxious feeling toward current air quality and knowledge of API (Table 6 ). Weak positive relationships were found between respondents' general satisfaction of current air quality and anxious feelings (ϕ = 0.192, p < 0.001), and between respondents' knowledge of API with general satisfaction of current air quality and anxious feelings (ϕ = 0.091, 0.059 respectively, p < 0.01 for both). 
Respondents' Perceived Health Risks from Urban Air Pollution
As shown in Figure 1 , most participants responded that the main health risks due to air pollution are cough/cold (2662, 68.82%), eye problem (2436, 62.98%), skin allergies (1888, 48.81%) and difficulty breathing (1482, 38.31%). Table 7 illustrates the connection between respondents' demographic factors and their beliefs about the three highest health risks due to urban air pollution. Chi-square test confirmed that females are more likely to believe cough/cold (χ 2 = 5.368, p = 0.021), eye problem (χ 2 = 38.963, p < 0.001) and skin allergies (χ 2 = 8.672, p = 0.003) were the most common health risks related to air pollution. Linear trend chi-square test indicated that the older people believed cough/cold (χ 2 = 44.377, p < 0.001) and eye problem (χ 2 = 6.915, p = 0.009) were the most common health risks, while those with higher education level considered skin allergies (χ 2 = 97.863, p < 0.001) was the most common health risk. Chi-square test also revealed that choosing cough/cold (2662, 68.82%), eye problem as the main health risks were significantly associated with respondents' health status. It is interesting to find that different study sites had different opinions upon whether skin allergies were the main health risks due to air pollution. * Linear trend chi-square significant at 5% level (for education level: χ 2 = 9.443, p = 0.002; for monthly income: χ 2 = 59.593, p < 0.001). 
As shown in Figure 1 , most participants responded that the main health risks due to air pollution are cough/cold (2662, 68.82%), eye problem (2436, 62.98%), skin allergies (1888, 48.81%) and difficulty breathing (1482, 38.31%). Table 7 illustrates the connection between respondents' demographic factors and their beliefs about the three highest health risks due to urban air pollution. Chi-square test confirmed that females are more likely to believe cough/cold (χ 2 = 5.368, p = 0.021), eye problem (χ 2 = 38.963, p < 0.001) and skin allergies (χ 2 = 8.672, p = 0.003) were the most common health risks related to air pollution. Linear trend chi-square test indicated that the older people believed cough/cold (χ 2 = 44.377, p < 0.001) and eye problem (χ 2 = 6.915, p = 0.009) were the most common health risks, while those with higher education level considered skin allergies (χ 2 = 97.863, p < 0.001) was the most common health risk. Chi-square test also revealed that choosing cough/cold (2662, 68.82%), eye problem as the main health risks were significantly associated with respondents' health status. It is interesting to find that different study sites had different opinions upon whether skin allergies were the main health risks due to air pollution. 
Sources of Health-Related Knowledge on Urban Air Pollution for Respondents
Respondents' resources of urban air pollution were also investigated in this study. As shown in Figure 2 , most respondents reported that television or radio, internet sites and newspaper or magazine were the main sources for getting health-related knowledge about urban air pollution but less from doctor/physician or other health care professional. 
Discussion
China has been going through a rapid development of urbanization and accelerated growth of its economy [30] . Many problems can be expected to occur at this stage, and urban air pollution is one of the most notable and challenging issues that must be faced [31, 32] . As many major cities in China are undergoing an "urban reconstruction and modern industrialization" period, a substantial amount of infrastructure improvement has been undertaken. For instance, the fast-growing cities like Shanghai, Wuhan and Nanchang are racing to build subway systems that have attracted more migrant workers moving to these cities. Increased level of urban air pollution in these cities have placed the residents to more vulnerable adverse health condition: current researches have shown that many respiratory diseases werTABLEe due to air pollution, and long-term exposure to polluted air could damage people's immune function [9, 10, [33] [34] [35] .
This paper assessed the first steps in developing a model of the social dilemma of unsafe air quality in Chinese megacities and provided valuable insight to bridge the gap between scientific research and public health risk awareness of urban air pollution. Our study provides important theoretical references for air pollution risk management and decision-makers, as well as useful measures for risk prevention and reduction [36] . Understandings of the public perceptions of urban air pollution and related health risks and their influential factors are very important for the policymakers in their designing the relevant intervention programs [37] . On the other hand, it is critical for all individuals to rectify the misunderstanding of urban air pollution and related health risks, to enhance more comprehension and cooperation with environmental policy managements, and to lower the policy execution cost.
Our study showed that the public was generally satisfied with current air quality, however their anxious feelings about air pollution remained, especially among females and older adults. Zhang [31] reported that the females were particularly concerned about urban air pollution and related health risks, and ranked it in the first place. Our study also found that female expressed more negative and dissatisfied feelings when exposed to air pollutants. Kim et al. [32] showed that younger people had lower satisfaction levels with urban air quality; however we found that older respondents were less satisfied and more anxious. This disagreement could be due to the difference in general physical health condition between older adults and the younger. In addition, people who had a previous travel experience had lower satisfactions on local urban air quality because of their travel. In addition, public's anxious feelings towards urban air pollution were also influenced by their health condition-healthier people were less anxious. 
Our study showed that the public was generally satisfied with current air quality, however their anxious feelings about air pollution remained, especially among females and older adults. Zhang [31] reported that the females were particularly concerned about urban air pollution and related health risks, and ranked it in the first place. Our study also found that female expressed more negative and dissatisfied feelings when exposed to air pollutants. Kim et al. [32] showed that younger people had lower satisfaction levels with urban air quality; however we found that older respondents were less satisfied and more anxious. This disagreement could be due to the difference in general physical health condition between older adults and the younger. In addition, people who had a previous travel experience had lower satisfactions on local urban air quality because of their travel. In addition, public's anxious feelings towards urban air pollution were also influenced by their health condition-healthier people were less anxious.
Previous studies showed that the public's knowledge of air quality was associated with demographic characteristics [36] [37] [38] . Our study observed that educational level, income, health status and study sites were related to respondents' understanding of air pollution related indicator (API). Those individuals with higher education, higher monthly income, and at good health status, had better knowledge about API. In addition, no differences of respondents' general satisfaction and anxious feelings were found among the three study sites (Tables 2, 3 and 5) . However, the public's knowledge of the API varies significantly among the three megacities (Tables 4 and 5) , which might be a reflection of variations in education and income level among these cities as shown in Table 1 . This result is consistent with the findings reported in 1960s and some recent studies conducted in China [21, 25, 29] .
Correlation analyses indicated weak positive correlations between respondents' anxious feeling-general satisfaction, knowledge of API-general satisfaction and knowledge of API-anxious feeling. Hence, there is a need to establish the links between the urban air pollutant emissions and control, and public's general feelings and attitudes toward the urban air quality and management actions through the investigation of public's general satisfaction. It may veritably reflect and systematically understand the current situation of urban air quality management and its health related risk management from the angle of responders' perception. This information could be very valuable for enhanced environmental management to local government. Since little was done in this study to explore the reasons why respondents' general satisfaction, anxious feeling and knowledge of API toward current air quality attitudes correlated with each other, more in-depth investigation or open-ended questions survey to address this point needs to be designed and conducted in future.
There are many studies suggesting that the serious effects of poor air quality on the human respiratory system have become much more apparent [33] [34] [35] . Some studies [39, 40] reveal that gender and individual's health status significantly affect the public's perceptions of air pollution and related health risks. It is widely believed that air pollution can cause or aggravate respiratory and lung diseases. Particularly, individuals who frequently suffer from asthma or respiratory diseases such as coughs are more sensitive to atmospheric pollutants, since these illnesses are triggered by air pollution. In this study, most megacity inhabitants believed that coughs/colds, eye problems and skin allergies were the three highest health risks due to urban air pollution, especially to the females and the older adults.
Current reports have seemed to be inconclusive regarding the relationship between the public risks perception and their income level. Some studies [41, 42] showed that residents living in the well-developed regions were more prone to believe that poor air quality is responsible for their respiratory health, allergies and skin problems, while other studies [43, 44] reported that those people with lower income were more likely to believe that there is no connection between poor air quality and health impact. Our study also showed that the public health concerns about air pollution were not affected by their income level. In addition, this study found that people with higher education level were more likely to believe the poor air quality may cause skin allergies, which is worthy of being properly addressed in the future.
Finally, when the responders were asked where they learned health-related knowledge about urban air pollution, most respondents reported television/radio, internet sites and newspapers/magazines to be the main sources. However, Bickerstaff et al.'s study [45] showed that very few people judged the quality through the air pollution related indicator released by the media. Even though people usually do not check the API specifically, reports and comments about air pollution problems through different media such as television, radio, internet sites, newspaper or magazine, etc., have increasingly impacted people's awareness of urban air pollution and its adverse health impact. The diversified communication form, frequency of the reported information, the wording and the channel of promulgating such information can be the important factors affecting the public's health-related knowledge, attitude and practice on urban air pollution.
Internet and new media like Weibo-the Chinese version of Twitter-and blogs greatly promote the flow and exchange for the information, and will amplify the effect of the environmental health-related risk (the so-called media amplifier effect) [46] . On the other hand, informal communication or conversation among the public is also an important way for people to apperceive outside health-related risks, which may function as an essential supplement to adjust people's subjective feelings. Discussion and information exchange on air pollution between relatives, friends and colleagues could also play an influential role on people's risk perception. This study shows that there are a quite a few respondents reporting that they obtained health-related knowledge about urban air pollution through their friends, family members, doctors, physicians or other health care professional. Findings from this study emphasizes the need for more frequent education campaigns of environmental health risks and protections in order to enhance the public's self-protection consciousness as well as to monitor and improve air quality.
Despite its vigorous design, there are several limitations in this study. This survey was conducted at three megacities in China, and our inclusion criteria for research object is only for those who aged 18 years and above and living in the those megacities for at least one year, so the design of this study has limited participants from rural areas or temporary migrants. Thus, application of these findings to other areas and other population groups should be done with caution. Moreover, open-ended questions need to be designed to reveal new problems and deepen the understanding of the respondents' attitudes towards current air quality in China's megacities. For example, what kind of styles and education campaigns they want to enhance the public's self-protection consciousness as well as to monitor and improve air quality. These are what need to be properly addressed in further research. In addition, social desirability of the participants may also have an effect on their answers since the results were self-reported from the interviewees.
Conclusions
This paper represents the first study addressing the public's health risk awareness on urban air pollution among residents living in different megacities in China. The total sample size of 3868 provides powerful results for all cities. We found that: (1) female and older respondents had lower satisfaction and stronger feelings of anxiety about urban air quality; (2) people who had previous travel experience tended to report lower satisfaction with local urban air quality; (3) there were low positive correlations between respondents' general satisfaction-anxious feelings, respondents' general satisfaction-knowledge of API and knowledge of API-anxious feelings; (4) Most respondents believed that coughs/colds, eye problems and skin allergies were the three highest perceived health risks due to urban air pollution, especially females and older adults; (5) people with higher education levels were more likely to believe the poor air quality may cause skin allergies; (6) responders believed that television/radio, internet sites and newspaper/magazine are the main sources for the public to get health-related knowledge on urban air pollution.
Effective communication styles and public education are likely to increase the health risk awareness and understanding on urban air pollution for the individuals, families and community, and will encourage people to positively adapt preventive measures for the interest of safeguarding public health. There is also need for further research on the role of risk perception for behavior change through the interdisciplinary perspective to understand how public risk perceptions shape people's behaviors.
